SUMMARY A continuous culture model of the proximal colon was used to study the effect of clindamycin on the ability of colonic bacteria to ferment carbohydrate. Six steady state anaerobic cultures of human faeces, in a medium simulating ileostomy effluent, were treated with 26 [ig/ml clindamycin. They were paired with six untreated cultures, run under identical conditions. Clindamycin treatment eliminated the anaerobic bacteria, significantly decreased osmolality and the output of volatile fatty acids, particularly propionic acid and increased the residual carbohydrate concentration. Doubling the amount of carbohydrate in the medium increased osmolality and the production of volatile fatty acid, though the response of clindamycin treated cultures was less than that of untreated cultures. Attempts to introduce Clostridium difficile into three pairs of cultures were successful in only two cultures after administration with clindamycin and when a heavy inoculum (106-109 organisms) had been used.
Diarrhoea is an important side effect of the administration of broad spectrum antibiotics. In recent years, ideas concerning the mechanism of antibiotic associated diarrhoea have centred on the opportunist colonisation of the colon with Clostridium difficile. 1 This organism, however, is responsible for only one third of the cases of antibiotic associated diarrhoea2 3 and has been recovered in large numbers from healthy infants and some healthy adults. An alternative theory is that the reduction in anaerobic colonic bacteria by antibiotics may impair the absorption of carbohydrates by reducing their fermentation of volatile fatty acids4 which are rapidly absorbed.5 6 The unfermented sugars would not be absorbed and would retain fluid in the colonic lumen by virtue of their osmotic activity, resulting in osmotic diarrhoea.
We have developed a simple bacteriological model of the proximal colon, in which faecal material from normal subjects was cultured in a medium based on the composition of ileostomy effluent for long periods of time under anaerobic conditions and constant pH in a continuous flow system. 7 The aim of this study was to investigate the effect of clindamycin on the fermentation of carbo-hydrates in our model; six cultures were treated with clindamycin and the bacterial survival and yield of volatile fatty acids was monitored. C difficile was also introduced into the cultures to ascertain whether pretreatment with clindamycin enabled the organism to become established in culture.
Methods

PROXIMAL COLON MODEL
The apparatus comprised a Gallenkamp modular fermenter (model FBL, London) with some adaptations ( Fig. 1 ). An inoculum of 20-50 g of fresh human faeces was homogenised in 250 ml of prereduced sterile medium and placed in a one litre fermentation vessel (A) within one hour of collection. The medium was based on established knowledge of ileostomy effluent8 and consisted of 60 mmol NaCl, 40 mmol NaHCO3, 10 mmol KCl, 10 g/l tryptone (Pxoid), 5 g/l porcine bile extract (Sigma), 5x10-g/l hemin, 1-2 g/l starch, 5 g/l glucose, 6 g/l maltose. The sugars and hemin were sterilised by filtration and then mixed aseptically with the rest of the medium which had been autoclaved at 1-03x volume constant at 300 ml. Anaerobic conditions were attained by gassing the medium and fermentation vessels with 95% N2/5% CO2 and by using tubing which was impermeable to gases (butyl XX tubing Esco (Rubber) Ltd, Middlesex). Hydrogen ion concentration was controlled by a pH stat unit (C) which infused 15 mol-NaHCO3 when necessary. The cultures were stirred magnetically at 100 rev/min and the whole apparatus was housed in a constant temperature room at 37°C. Daily 20 ml samples were taken with a 60 ml catheter syringe through the glass sample tube (D).
CHEMICAL ASSAYS
The pH and redox potential (Eh) of the culture were monitored daily with a pH glass combination electrode (Gallenkamp, London) and an Eh platinum combination electrode (Russell CM RPT, Fife, Scotland), connected to a pH meter (FBL 20, Gallenkamp) (E) and high impedence electrometer (model 602, Keithley, Cleveland, OH) (F) respectively.
Volatile fatty acid concentrations were measured using a gas chromatograph (no 3700 Varian, Palo Alto, CA) fitted with a 2 metre column of 4 mm internal diameter, packed with 10% AT 1200 and 1% H3PO4 on chromosorb WAW (80-100 mesh). Column temperature was 121°C and gas flow rates were air 300 mlmin, H2 30 ml/min and N2 30 ml/min. The samples (3 RI) included In three pairs of cultures the starch, maltose, and glucose components of the medium were doubled after steady state had been reached at least five days after the clindamycin treatment was started.
INOCULATION WITH C DIFFICILE
In another three sets of paired cultures, an inoculum of 4x103 to 1*4x 109 organisms (determined by the spread plate method19 from an overnight broth culture of C difficile was introduced after steady state had been maintained for at least five days. Samples from the cultures were monitored for the survival of the C difficile, and if no survival occurred the conditions were altered to favour survival; the size of the clostridial inoculum was increased, the pH was changed from 6 to 7, the treatment with clindamycin was terminated, and ampicillin was used in an attempt to suppress Streptococcus faecalis which has been reported to inhibit the growth of C difficile.20 Cultures were monitored for the establishment of C difficile for at least three days after each inoculation. Each pair of cultures was used for more than one inoculation of C difficile.
Results
REDOX POTENTIAL
The redox potential of all control cultures was maintained at a value more negative than -270 mV, Finally, in the third experiment the cultures were pretreated with ampicillin at two doses (10 sg/ml and 30 isg/ml) to inhibit the Str faecalis which is reported to suppress the growth of C difficile in vitro,20 the clindamycin was discontinued and the culture was inoculated with 1*4x 109 organisms. The ampicillin had no effect on either the clindamycin treated culture or the control culture. C difficile was recovered for three days after inoculation and on the final day isocaproic acid, which is produced by C difficile and was not previously present, was detected in the culture fluid. C difficile was never recovered from cultures that had not been treated with clindamycin. Cultures marked * were maintained at pH 7, the others at pH 6 Treatment with clindamycin also changed the pattern of the volatile fatty acid profile, suppressing volatile fatty acid production by the anaerobic bacteria. Propionic acid production was almost abolished and, in the cultures in which it was produced, n-butyric acid production was also eliminated. This could be important for the metabolism of the colonic enterocytes which may use n-butyric in preference to glucose as their main energy source.30
The possibility that clindamycin treatment facilitates the growth of endogenous or exogenous C difficile was not confirmed in our studies. Clindamycin treatment did not result in the appearance of C difficile in any culture. Moreover, seven attempts to 'infect' clindamycin-treated cultures with C difficile resulted in success only when clindamycin was discontinued and the inoculum contained a very large number of organisms. C difficile was never established in untreated cultures. This suggests that factors other than the suppression of the normal flora are important for the establishment of C difficile. It is possible that lack of mucosa or attachment sites may have prevented growth of C difficile as attachment is often a prerequisite for pathogens.31 32 The high dilution rate, and presence of Str faecalis may have also inhibited the establishment of C difficile in the culture, though these factors might also be present in the colon of a patient with diarrhoea.
In summary, these studies have shown that clindamycin suppresses human colonic anaerobic bacteria in mixed continuous culture, reducing volatile fatty acid production and changing the pattern of volatile fatty acid produced. Similar effects occuring in vivo would compromise the ability of the colon to ferment and absorb carbohydrate and would result in diarrhoea if the patient is eating normally. This mechanism may explain-why C difficile cannot be implicated in many cases of antibiotic associated diarrhoea. 
